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SUMMARY

ULl

Tests were made to determine bearing yleld and ultima:be strengths
for several sizes of_rolled end extruded 148 sections end of rolled
24S-T and T58-T bar.l It was found that retlos of bearing to tensile
properties previously proposed for aluminum-alloy sheet end plate appear
equally appliceble to rolled bar of 248-T, 1L4S-W, and 148-T in thick-
nesses up to 2 inches end to extruded 148-W and 148-T in thicknesses up
to 1 inch. TFor rolled 758-T bar in thickdesses up to 2 inches and for
extruded 148-W and 1LS-T bar in the thiclkness renge of 1 to 2 inches,
lower ratlos of bearing to tensile properties are proposed.

INTRODUCTION

’

A survey of the work done in the Aluminum Research ILeboratories on
the determination of bearing properties for use in the design of riveted,
bolted, or pin-connected Joints in the high-strength, wrought-aluminum
alloys shows that a great many tests have been made on sheet and plate
(references 1 to 5) but that little or no work hes been done on forgings
or rolled bar. The tests that have been made on extrusions, moreover,
heave been limlited for the most part to alloy 758-'1‘ -wilth a few tests on
sections of 24S-T (reference 1)

The. need for some investigation of the bearing-strength character-
istlcs of different forms of the seme alloy was first indicated by the
results obtalned from tests of sheet end large extrusions of 24S-T. The

beering strengths for a 3ﬁ-inch-thick extrusion, for example, were found

to be considerably lower, in proporbion to the tensile strengbh ‘thén
those for sheet materiael.. The seame general tendencles have since been
observed for sheet and extrusions of T58-T. The tests described in this
report were undertaken to supplement these findings with observations on
the behavior of 148 extrusions. Beamples of rolled bar 1n th-T 2148-‘13 s
*and 75S-T have. also been included. Co

The obJect of these tests was to determine bearing yield end ulti-
mate strengths for several gilzes of rolled and extruded high-strength,
aluminum-elloy sections and to esteblish, as far as possible, typical R

Inew temper designetions for alloys listed are: 14S-TL for 148-W,
148-76 for 14S-T, 24S-Th for 24S-T, 79S-TH for T5S-T.
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ratios of bearing to temsile properties for these types of product. Data
of this kind are of interest mainly in the design of riveted, bolted, or
pin-comnected Joints.

MATERIAL

Table I summerizes the mechanicel properties obtalned for the
various test sectlons. The average temnsile properties were in every
cese above the minimm specified (reference 6) and with a few exceptions
(mainly 14S-W extruded bar) were in the range considered typical for
these allcys. Although a mmber of comparisons may be made from the
values shcwn in table I, the following are perhaps of most interest:

1. The extruded sections of both 148-W and 14S-T engle and bar
exhibited higher strengths and lower elongations than those cbserved for
the corresponding rolled sections. o

2. Tte strengths of the LUS-W and 1l4S-T extruded bar in the
2- by 2-inch size were highexr than those obtained for the extruded
1- by 2-inch size, whereas the ordexr of strengths with respect to size
was Just reversed. in the case of the 14S-T ro].led sections.

3. There was no significant difference in temslile properties for
the two locatlioms investigated in the bar sections, except in the case .
of the 758-T. For the 2- by 2-inch size in the latter alloy the strengths
obtained for specimen 1, located near the surface as shown in the
sketch below table I, were consliderably lower than those obtained for -
specimen 2, located about midway between the surface end the center.
The strength values shown in table I for thls section are the average of
two tests at each location, whereas single tests at each location were
made for all other samples.

PROCEDURE ' )

Bearing tests were made in duplicate on-l-];-inch-thick specimens from
each sample, end loadings on a %-mn-d.imeter steel pin were used. The

specimens machined from the angle sections were ol inches ';ride; all those

taken from the bar sections were 2 inches wide. The original length of

all specimens wes about—18 inches. After the completion of-one test; the .
dameged end was sawed off about 1 Inch below the center of the hole and
the specimen was redrilled for another test. The sketches below table II

indicate the location of the 'bea.r:Lng specimens in the bar a.nd. a.ngle cross .

-

sectlons. x o P —
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Edge distances, measured from the cembter of the pin hole to ‘the edge
of the specimen In‘'the dlrection of stressing, were limited In these tests
to 1.5 and 2 times the pin dlameter. These are the edge dlstences for
which alloweble bearing design values are commonly given (reference T).

' Figure 1 shows the arrangement used 1n making bearing tests in a
ho,ooo-pound.-capacity Amsler hydreulic testing machine. The hole elon-
gations, from which values of bearing yileld strength were determined,
were measured by means of a fllsr micrometer microscope which could be
read directly to 0.01 millimeter. The under side of the pin projecting -
from the specimen on the microscope side was flattened sllghtly to pro-
vide a reference mark for the determination of piln movement. A light
scratch on the specimen under the pin provided a reference mark for
specimen movement.

RESULTS AND DISCUSSION

Teble IT sumarizes the results of the bearing tests. The yleld
strengths were selected from the bearing stress-hole elongatlon curves
in figures 2 to 8 as the stresses corresponding to an offset from the
ptreight-line portion of the curves equal to 2 percent of the pin
dlameter. Bearing fallures occurred by shearing out the portion of the
specimen above the pin or by a combination of shear and temslle fracture
throughout the pin hole. In general, the behavior was similar to that .
observed for most of the other high-strength, wrought-aluminum alloys.

A compexrison of the strength values given in tebles I and IT shows
that the order of bearing strengths for the different sectlons and alloys
was not always the same as obgerved for the tensile strengths. The
bearing ultimate strengths for the rolled engle sections in both 14S-W
and 14S-T, for example, were higher than those obtained for the extruded
angles, yot the latter exhiblted higher tensile strengths. There was no
plgnificant difference between the bearing values obtained for the
48T rolled and extruded bar, although there was & conslderable differ-
ence between the temslle properties of these two types of sectilon,
particularly in the 2~ by 2-inch size.

Table ITI gives the ratios of bearing to tenslle properties obtalned
from the average resulte of these tests. It may be noted that the
14S-W angle and the 248-T bar sections, having the lowest tensile
strengths, developed some of the highest ratlos of bearing to temsile
properties. The lowest ratios, on the other hand, were observed for the
2- by 2-inch 148 extrusions and the 75S8-T rolled bar, having the highest
tensile strengths. The most significant observatlion to be made from the
results of these tests, however, is that all the sections tested, with
the exception of the 2- by 2-inch extruded bars of 14S-W and 14S-T and
the rolled bars of 758-T, may be placed in the same class as sheet and
plate (reference 5) as far as ratios of bearing to temslle properties are
concerned. Both the 1~ by 2-inch and 2- by 2-inch sections of rolled
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758-T bar and the 2- by 2-inch extruded bars of 14S-W and 14S-T exhibited
definitely lower ratios of bearing to temsile properties. The latter

were of the same order of magnitude as previously observed for %-:anh-
thick extrusions of 758-T (reference 3).

CONCLUSIONRS

The following conclusioms are based upon the results of bearing
tests of several samples of rolled and extruded 148 sections and samples
of rolled 24S-T and 75S-T bar:

1. The following ratios of bearing to tensile broperties, previ-
ously proposed for aluminum-alloy sheet and plate, appear equally eppli-
cable to rolled bar of 24S-F, 148-W, and 14S-T in thickhesses up to
2 inches and to extruded 14S-W and 14S-T in thicknesses up to 1 inch.

Bdge distances
Reatios
. 1.5 X pin 2 X pin
dlameter diameter

Bearing ultimate
Tensile ultimate 1.5 1.9
Bearing yield
Tensile yield . 1.4 1.6

2. For rolled IE:-’I' bar in thicknesses up to 2 inches and for
extruded 1iS-W and -T bar in the thickness range of 1 to 2 inches, the
following lower ratios of bearing to temsile properties are proposed:

Edge distances
Ratios

1.5 x pin 2 x pin

dlameter diameter
Bearing ultimate
Tensile ultimate 1.3 1.6
Beariag yileld 1 | 1.4
Tensile yleld -3 .

Aluminum Research Laboratories
Aluminum Compeny of America
New Kensingtom; Pa., January 20, 19k

o
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MIOEANIOAL FROFEETTES OF ALRMINUM-ALIOY ROLIED AND EXTRUIED SROTIONS USED IN BEARTNG TEOTS

TABIE I
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E:L‘Ltn.uh wmm;wmtﬁpomﬂ-m. gage langth. Omouionl:pooilnltm'blr
i_mix%x%m. Ocegression speoimens from angle were of full cross -.otm]

»
M% OQ:::!.W
. Yie ¥
Alloy Bize Speai -~ Tensile strength strength
and Seotlon (1n.) Bamplo | ngm (offoet = in 2 in. (cfLaet =
temper = (ps) 0.2 peroent) (percent} 0.2 percent)
- (pei) (pat)
8w | mollse angle 3x3 x-:- To0h5 | --- 60,200 ¥3,000 2.8 33,800
Extoaded arngle | 3x 3 x% ™ok | --- 63,200 X7, k00 20.3 40,000
167 | Bollsd angle 3x3x % TR - 671,600 61,%0 3.8 9,300
Ertrued angle | 3x3x$ | ToA3 | - 69,000 6,50 n.7 64,600
1A8W | Extruded bar 1x2 1 66,200 300 17.6 40,800
5603 2 B k9, 7.! )
Av. y ga% *
Uew | Extruded dax exe 75608 1 400 [T 53,000
i Th 20 ;g. a0 0 s
Av. ™5 5T, b1y
sy | Exteided bar 1xe TS60k 1 69,000 63,400 1.2 63,100
2 71, h00 000 12.0
Av. 70,300 y bR )
1i8-r | Bolled bar 1x@ o 1 800 63,600 12.8 60,600
x T 2 2'800 &3'900 1.2 !
a. %,% 5,50 B0
W8T | Extruded tar exe 75609 1 75,900 67,300 10.4 68,800
- 100 66 96
Av. , 000 ,000 15.0
Us-2 | Rolled var gxg 1 & 61,400 1.2
x AT 2 &5 60,800 12.0 79,900
Av. m‘% R0 s
2i8-r | Rolled bar 1xe ™" 1 68,000 48,600 £0.0 42,100
2 % 48,200 .2
&v. 2 (] °
k8- | Folled bar axe 1 46,600 .2 o, 80
: * il - 2100 16,400 & f
Av. " 8,50 BE
4 Holled bar ixe R 1 koo 12.8 300
™8 ThTA3 2 g’hoo 79.% ‘6 9,
av. 57,590 79,5 iz
781 | Bollsa bar 2xe T38k0 L gi,g %,aoo 13.3 58,800
av. B 5% imy
h Tenslon-§ Compression
Tenston—.._ Fompress! . s '1'; 3/3"' ,
R RN P S T
. 7775\ 1777) --.}.1,4.
Sawcit on’ | ,) ' A
c L]
enter line - “/4m ge 'S 8/av

Looation of tensile and cozpressive speoiwens in bar sectiocuns,
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TABLE IIT

R&TTOB OF AVERAGE BEEARTNG T0 TEESIIE STRENGIHS

- I h T_TEN
.. - - I B N 4
(28, "boaring ultimets strength; M, temsfle wltimete s !
BIB, bearing yiald stzength; IT5, teneilo yield strength] |

Batioa for edgs distances of -
Beotion ?}:) 1.5 X pin dlemster 2 x pin dimeter
BS/?3 BYS /B Be/18 BYB/2Y8

Rolled angle 3x3 x% 1.6% 1.51 2.05 1.67
Extruded angls 3x%3 x-g 1.48 1.0 1.8 1.6
Rolled angls . 3x3 x% 1.5% 1.3 1.94 1.53
Extruied angle 3% 3 x% 1.58 1.37 2.85 1%
Extruled bar 1xe 1.h8 1.3 1.8 1.@
Extruded bax 2xe 1.33 1.21 1.65 1.
Extruded bar ixe2 1.1:3 1.3k 1.86 1.51
Bolled bar 1xe 1. 1.39 1.% 1.35
Extruded bar 2x2 1.33 187 1. 1.;3
Folled bar 2xe 1.5 1k 1.8, 1.
Bolled bar 1xe 1.h5 1.kp 1.8 1.7%
Bolled ber px2 151 1.51 1.8 71

bax 1x2 1.22 1.33 1.? 1.k6

bar Pxe 1.27 1.29 1.63 1.50
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Figure 1.- Arrangement for bearing tests. Milecroscope used for measurement of
hole elongations.

80ST 'ON NI VOVN



Pa.

.



96,000

- @0

E o400

]
£ o

2,000

18,000

 Figure 2.~ Bearing stress-hole elongation curves fori3- by 3~ by 3-inch 145-W angle (samples 76944 '
and 76046). Specimen thickness, 0,250 inch; specimen width, 2+ inches; pin diameter, 0,600 inch;
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Figura 8.- Bearmgsbess-hohehngaﬂoncuweafors-bya-byg--mnhus-Tangle(samplea 76042

and 76848). Specimen thickness, 0,250 inch; specimen width, 2—1nches pin dameter, 0.600 inch;
* bearing-yield offset, 0,02 x pin diametsr.
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Figure 4.- Bearing stress-hole elongation curves for 143-W extruded bar (samples 75603 and 76608),
[ Specimen thickness, 0.250 inch; specimen width, 2 inches; pin diamster, 0,500 inch; bearing-yield -
offset, 0,02 *x pin diameter,
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Figure 5.- B.earing stress-hole elongation curves for 1- by 2-inch 143-T bar (samples 74707 and 76604).

Specimen thickness, 0,250 inch; specimen width, 2 inches; pin diameter, 0.500 inch; bearing-yield
offset, 0.02 * pin diameter.
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Figure 7.- Bearing stress-hole elongation curves for 243~T rolled bar (samples 74711 and 74712).
Specimen thickness, 0.2560 inch; specimen width, 2 Inches; pin dlameter, 0.500 Inch; bearing-yield
offset, 0.02 x pin diarsater, ' -
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Flgure 8.~ Bearing stress-hole elongation curves for 768~T rolled bar (samples 73440 and 74718).
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